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K ~A13STRACT

A Prototype IIclitim-Oxy(Jcn Diving Helmet developed by the

Diving Equipment and Supply Corp. of Milwaukee, Wiuc. was sub-

jected to sound level testing on a specially built acousticalBJ
manikin at the U.S. Navy Experimental Diving Unit. The helmet

was tested in both the semi-closed circuit (venturi) and open-

circuit modes. The sound levels existing in the helmet were

found to be well into the hearing damage risk levels during

all test conditions. The helmet was judged safe for manned

use only under restricted laboratory conditions.
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"r[. INTRODU]CTION

In 1970, the Navy iExperiinental Diving Unit began a program to

dovelop a combination air and helium-oxygen diving helmet that

would be an improvement over the traditional MK V air and helium-

oxygen helmets. Part of this piogram was a series of evaluations

of commercially available helmets. During these evaluations,

several of the divers complained of temporarily muffled hearing

subsequent to test dives in some of the helmets. When these

temporary hearing decrements were substantiated by audiometric

examination (1), it was decided to run sound level tests on all

the helmets under consideration prior to any further diving of

the helmets.

This report details the results of the sound level testing

on the DESCO Prototype Helium Oxygen Diving Helmet.
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I . EQUIM[IM11ý T LESTI

The helmet tested was a prototype Hlelium-Oxygen Diving ielew

developed by the Diving Equipment and Supply Co. in Milwaukee, W

It is_ intended for use only with a deep sea dress, and its basic

design resembles a lightweight version of -the standard USN MK V

Helium Oxygen Diving Helmet. It is nearly identical to the

Japanese (Yokohama) Helium-Oxygen Diving Helmet widely used in

Japan and on the U.S. West Coast. The DESCO Prototype He-0 Helmet2

is not available on the commercial market at this time.

Figures 1, 2, 3 and 4 show. various views of the helmet. The

faceplate and side port lenses are made of machined acrylic plastic

sealed by "0" rings. The "0" rings show up as black rings around

the outer edges of the lenses in Figures 1, 2 and 3.

The cannister assembly is rigidly attached to the helmet by

soldered joints as is all of its ambient pressure plumbing. This

eliminates the possibility of water leaks into the cannister as

sometimes happens with the USN MEK V He-C) helmet. The cannister2

charge is a standard medical 2½-lb. Soda-Sorb prepacked cartridge.

It is inserted from inside the helmet, and held in place by a

threaded annular retaining ring. Figure 4 shows the helmet with

the cannister element, annular cannister retaining ring and front

faceplate removed.

The venturi and its expansion chamber are similar to those on

the USN MR< V HOe-O2 helmet. The flow pattern is from the back of

the helmet through the cannister, through the venturi chamber,

2



I- •1 nd back th 'ough the out.:er It2Lurn pip,_ (top, Fig. 1) to thei
I.

upper front of the helmet. Supply pressure for the vw-nturi

is maintained at 100 psi over botLom pressure by a first stage

: unit from a standard single-hose open circuit SCUBA regulator.

r.lThe control valve for the venturi is located at top right, onk
"the helmet. See Figures 1 and 4.

The exhaust valve is a standard USN type helmet exhaust

valve. The control valve is a globe type valve of unknown

origin. During open circuit operation the air or gas discharge

into the helmet from the control valve is by means of perforated

3/8" tubing located above the front faceplate (see Fig. 4).
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FIGURE2 1

DESCO Prototype He-0 2 Diving Helmet
With Breastplate and C0 2 Absorbant
Cannister Element (Soda-Sorb).
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IlI. TL-ST IN) OC!DULS

A. Apparatus

A tesL manikin consisting of a soft rubber head and a

.fiberglass torso was modified to accommodate a Bruel and Kjaer

1-inch condenser microphone and preamplifier at either the right

or left car position. The microphone head was recessed 1/4 inch

from the suirface of the manikin ear and was connected through

appropriate wiring to a B & K sound level meter outside the

chamber. Figure 5 shows a simplified schematic diagram of the

complete ex:perimen;tal apparatus.

The DESCO He--0 2 helmet is designed to be used only with

a breastplate and standard deep sea diving dress. This nepessitated

placing the entire manikin inside the dress. To prevent over

inflation of the dress, it was clamped tightly against the manikin

torso just above its base. This level corresponds roughtly to

the hip joint level, in a normal man. The excess dress was rolled

up and tied off. The sleeves of the dress were clamped closed at

the elbows with flat clamps, and the wires from the microphone were

brought out through one oE the clamps.

The entire apparatus war- carefully watched and checked for

l.,As as th.ise tended to increase the measured sound levels. None

were observed to occur.

< "
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mi crop honeV B&I( Type 4131

Depth Type 261.9DepthPreamplifier

13&I Microphone Vav Ai/a
Power supply
Type 2801Cotl

valve

TO Overbottom
Air/Gas, pressure
supply Gauge

i3&X Sound Level Meter
TYpe 2203 With
D&t( Octave Band
Foilter set rtype 1613

FIGURE~

T1,0s Set-Up for Measuring'
Sound Lc-vels i~n DESCO
Helium oxygen Helmet
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B3. Procedure

The- .ieJmet was tested dry in NAVXDIVINGU's 45 recompres-

sion chamber.

For tests with the helmet in the venturi mode, the air

control and helmet exhaust valves were set at fully closed. The

venturi control valve was set at fully open. Venturi mode sound

levels were measured using air at 0 and 50 feet sea water at

supply pressures of 50 and 100 psi over bottom pressure. They

were also measured using pure helium and a mixture of 15% oxygen,

85% helium at 100 psi over bottom pressure at 100, 200 and 3.00 fsw.

Both ear positions were tested.

During the open circuit mode sound level tests, the venturi

control valve was closed completely. The helmet exhaust valve was

I set at fully open and the air control valve was set at 1/4, 1/2

and fully open. Open circuit tests were initially run using air

at 100 psi over bottom pressure at both 0 and 50 fsw. Both ear

positions were tested.

When examination of the results of the initial tests

: indicated that the open circuit sound levels were too high, one 1/8

lp,, inch thick layer of porous white foamed plastic was wrapped around

the perforated air discharge tubing in the helmet. The foamed

p.":t'•Lc asthe s~une rdtý,erial used as a particle filter on the,

K .ŽCf.luent side of the C0 2 absorbant cannister .in the LTSN MK 10

Underwater Breathing apparatus. It was held in place by wrapping

it with nylon fishing line. The sound level tests were then repeated.

.1.0



Examinintion of the results showed the sound levels
slightly -educed, but sill too high. Consequently, a second

layer of foamed plastic was added and the tests were repeated.

This time supply pressures of both 50 and 100 psi over bottom

pressure were used.

The sound levels measured with two layers of foamed plastic

wrapped around the air discharge tubing when the helmet was

supplied with air at 50 psi overbottom were judged safe for

laboratory applications, and manned diving tests were allowed to

be undertaken. The results of those dives will be reported in a

Battelle Memorial Institute report covering bota the manned tests

at NAVXDIVINGU and the unmanned ventilation tests performed at

Battelle. That report is in preparation at this time.

Microphone calibration was checked before and after each

test run. No changes in calibration were found.

C. Data Handling

The descriptive sound measurement most frequently used to

determine noise risk in industry and in the Navy is the A-weighted

sound level, dr3A. This term also relates closely to the various

noise-rating numbers used to describe interference with commun-

ications, annoyance and noise fatigue (3) (4) (5). Unfortunately,

calibration curves for the A-weighted sound level iw•asurement at

increased ami'.bien1: pressures as read dir,-,ctly fr-om the s.ound level

t!meter are not available. It was necessary to first correct the

octave band sound pressure levels for increased pressure (6)(7)

and then d(,termine an equivalent A-weighted sound level (dBA) from

t[he equiLvalent sound le'vel contours shown in Figure 6.
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,ri IV. RLESUL'LS AND DIS CUS S'(;ON

Figure 7 presents the currently accepted daily limits for

exposure to high environmental noise levels. Tables 1 and 2

p; present thu Xquivalen'. dBA levels obtained for the D1ESCO ie-O2

helmet when operated in the semi-closed circuit and open circuit

modes. The detailed octave band sound pressure level results

are contained in the Appendix.

Two layer,% of foamed plastic wrapped around the air inlet

piping had some beneficial effect in reducing the dBA levels.

Reductions of up fo 8 dBA were measured. One layer had only a

slight effect. Reducing the supply pressure from 100 psi to 50

psi over bottom had as much or more effect (4 to 9 dBA) than did

the addition of the foamed plastic. A drop of 5 to 10 dBA in

the equivalent dBA levels with a 100 to 50 psi reduction in the

over bottom supply pressure is a frequent occurrence in open

circuit air helmets (8)(9). The muffling qualities of the foamed

plastic are not at all good. The fact that it helped at all in-

dicates that in this helmet at least a considerable reduction in

the sound levels is possible with attention to good acoustical

design practice.

it is clear from Figure 7 and Tables I and 2 that the sound
SlevcJ.l occurring in the DESCO prototype le-O2 helmet ,:i- it is

lelrol oýýcrrn inel thee DLll

p_,elely signed, are well into the damaqe r.tW. Levals under all

of the conditions tested. The test conditions correspond to nearly

all the posi_1e conditions occurring in normal use.

13
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I-'QU I VAf,!-,.i C'

D1E CI.- OVER
BOVTO VENTURI SUPI?LY EXHAUST RIGHT LEFT

GAS VALVE VALVE VALVE EAR EAR
v"SW PRI•S.Fsw P r POS. POS. POS. POS. Pol.

FULL LL FULL50 AIR O PENT rT.') 177D 1CTn5,EfiE 9"7
S[U-'ACE -"

100 AIR 104 102

50 50 AIR 88

FEET 100 AIR 104 103

100 100 1e02 99
F100% 95

FEET i000%i

15%200 i0 e•97
20 100 10

100%FEET 100 lie 95

300 100 1 % 98'

FEET 100 H095

Table 1,

Equivalent dBA Levels Obtained
From Octave Band Sound Pressure
Levels Measured in the DESCO
Prototype Helium Oxygen Helmet
During Semi-Closed Circuit
(Venturi) Operation
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STANDARD ONE LAYER OF TWO [AYE iS
OVDiER BO SUTO VLVY ALrZ IN[,I'T P],AS'PTC FWAM OF PLASTfI FOAMB OTTOM VA LV L 1 T L F IG 11 ZE EAETLEFT RIG EAT R EAR
FWEAR BAR LAR BAR EAR EAR
PSI POS. POS. POS. POS. POS. POS.

1/2 . .. . .104 04
50 1/2

OPEN 1.06 10.6

FULL109 110
SU RFACE O)PFN_____

1/4 116 114 117

10 1/2 I
,.00N 117 115 118

FULL
o P 121 120 120 113

S1/4
OPEN
1/2•' ~50 ODPEN .

50 FULL 110
OPEIN ....

F1E4E 120 116 117
•'.' FEET PLl

1/2 121 119 120
100 OPEN -. .

FULL 126 123 122 119

Table 2

Equivalent dBA Levels Obtained
From Octave Band Sound Pressure Levels
"Measured in the DESCO Prototype Helium-Oxygen

* ,Helmet During Open Circuit Air Operation
4i
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The damicfae ri~sk- levols havce boen deýveloped for exposures inI

14.7 p~sia air, and their applicability under increased ambient

prQ,.sures hsnot yet beýen subs tan tia td. There are, however, at

caist three documented c~ases where maximum oxposures (Fig. 7)

to damiage risk leve:l noise undE~r coniditions of high ambient pressures

have produced significant temporary hearing impairments (1).

Consequently, the maximum safe daily exposure limits for the_

DESCO prototype- helium-oxygen diving helmet are considered to beI

as follows:

Semi-Closed Circuit Mdde-I

Helium Oxygen Mixtures at 100 psi

over bottom pressure and/or air or

oxygen at not more than 50 psi over

bottom pressure: 2 hours

Open Circuit Mode-

Air and/or oxygen at not more than

50 psi over bottom pressure and

with somec type of muffler on the

air inlet piping: 30 minutesI

with no muffler: 15 minut,,,s

If both modes are used in one diveý, the SuIM Of the fractions of the

total pe~rmi.i~sý;ibln time the diver is exposed to each condition shall

not exceed one; I.e.0

vonturi Lime + opon circuit time 1

2 hours 30 minutcs

(I ~17j



rThOL' time-s are sho-rt enouqh so that diving of the helmet is

considered prudent only in a laboratory situation where the diver

can remove the helmet if for some reason he becomes coimnuiitted to

open circuit operation or to a long decompression schedule. Even

* in this case, audiometric examination equipment should be available.

M-. * '
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V. CJONkClUlIONIS

1. The sound levels existing in the DESCO Prototype

Helium Oxygen hleomet are well into the damage

risk levels under Fill conditions of normal usage.

2. Maximum safe daily exposures in the helmet are

2 hours in the venturi mode and 30 minutes in

the open circuit mode subject to the restrictions

identified in Section IV.

VI
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V1 MECOMMENDATI ONS

1. The DLSCO Prototype Helium Oxygen HelmeL is not

recommended for manned use excopt in laboratory

situations where the diver can remove the helmet

if he becomes committed to open circuit operation

or to a long decompression. This recommendation

__ is further subject to the restrictions identified

in Section IV.

2. Further U.S. Navy testing of this helmet is not

recommended until the 'sound levels occurring in

the helmet are reduced to a maximum of 92 dBA.

= 2

,N ':20

S "". .. . . ii' F i° " --"I- ii i .i i .-. *'..--



•'Id1,'EflENCES I-•
_EF Iý,NC

1 Summitt, J. K. and lzeimers, S. D. "Noise, A Hlatzard to Divers I

and lfyp!rbaric Chamber Personnel", AerosTgice Medicine, Vol. 42,

No. 11, Nov 1970 also available as NAVXDIVINGU Research Report I
5-71. f

2. Navy Department: Hearing Conservation Program. Bureau of

Medicine and Surgery Instruction 6260.6B, 5 March 1970

3. Bruel and Kjaer Corporation, "Precision Sound Level Meter

Type 2203, I-nstructions and Applications", Copenhagen, 1968

4. "Criteria for a Recommended Standard, Occupational Exposure

to Noise", U.S. Department of Health, Education, and Welfare, 1972

5. Botsford, J. H., "Using Sound Levels to Gauge Human Response

to NoiFi", Sound and Vibration 3(10) ; 16-28, 1969 -

6, Bruel and ](jaer Corporation, "One-Inch Condenser Microphones,

Instructions and Applications". Copenhagen, 1968

S7. Thornms, W..G., Preslar, M. J. and Farmer, J. C., "Calibration Y

of Condenser Microphones under Incrcased Atmospheric Pressures",

Journal of the Acoustical Socielt of erica, Vol. 51, Number 1

(Part 1) , 1972 pp 6-14

8. Reihurs, S. D. and Suinmitt, J. K., "Sound Level Testing of the

Standard USN MK V Air and Helium Oxygen Diving Helmets". Navy

[ Experimental Diving Unit Report 4-71, 8 June 1973

21 1

:....................



9. Laud'.ýrýrle, C. I,. "Measurement of Noise Levels in the General

Electric and Navy ilIK V Diving HelmoLs", Navy CozsLal Systems

Laboratory Technical Report, February 1973

__ : 22



APPENDIX

OCTAVE BAND SOUND PRESSURE LEVELS
AND EQUIVALENT A-WEIGHTED SOUND LEVELS
IN TIHE DESCO PROTOTYPE HELIUM OXYGEN HELMET
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Another final. report covering rQ- NAVY EXPERIMENTAL DIVING UNIT
lated work not covered herein is in WASHINGTON NAVY YARD
preparation at Battelle Mem. Inst. WASHINGTON, D.C. 20390
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Prototype lelium-Oxygen Diving [lelmet-developpd by the Diving
Equipment and Supply Corp. of Milwaukee, W .,c3was subjected to souLnd
level testing on a specially builL acoustical manikin aL hie U.S.

* nL-avy Experimental Diving Unit. The hc:.met was teosted in both the
:,ni.-closed circuit (venturi) and open-cLrcuit modes. The sound

_* A ]veLu cxishin,: in the helmet- were foui':.: to be ,el1 into the heariang
,.:.qc risk levels durincl all. tc'si condi.tions. The helmet was jud4ed
.ate for manned use only under rasbrieory conditiontv.
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